Introduction
First-time ischemic events such as acute myocardial infarction (AMI) are used to study the risk and to improve the prognosis of ischemic heart disease. AMI is often treated with percutaneous coronary intervention (PCI). To monitor the safety and efficacy of this intervention, robust registry-based algorithms are required for the detection of AMI in this population. 1 In Denmark, record linkage using the ten-digit civil registration number offers unique possibilities for epidemiological studies. 2 As the key registry, the Danish National Patient Registry contains data on all Danish hospital admissions and outpatient clinic visits, starting in 1997. 3 Thereby, the Danish National Patient Registry can be utilized for the detection of AMI in the Danish population. However, to what submit your manuscript | www.dovepress.com
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Egholm et al extent the Danish National Patient Registry can be used to identify AMI in patients with existing ischemic heart disease undergoing PCI is unknown. 3 In this study, we aimed to create an algorithm for using the Danish National Patient Registry to identify patients with AMI following PCI.
Methods
Study design, setting, and participants
We performed the evaluation in a population of patients treated with drug-eluting coronary stents as a part of clinical drug-eluting coronary stent studies. These patients were enrolled in the Central Region of Denmark, which covers a population of ~1.3 million inhabitants corresponding to 23% of the Danish population. The patients were treated with PCI at the Department of Cardiology, Aarhus University Hospital, Denmark, from January 2006 to August 2012. [4] [5] [6] [7] Using this cohort with end-point committee adjudication of AMI as reference standard, we compared different algorithms for the detection of AMI in the Danish National Patient Registry following PCI.
Definition of AMI
Clinical end-point committee adjudication of AMI was performed in each trial as previously described. [4] [5] [6] [7] Briefly, possible AMI events were screened using the Danish National Patient Registry 3 and the Western Denmark Heart Registry. 8 Possible events were subsequently reviewed by a clinical end-point committee, with reference to the contemporary universal definitions of AMI. 9 The end-point committee also reviewed all deaths in order to classify these as cardiac or noncardiac. In case of cardiac death, the end-point committee evaluated whether it was secondary to AMI.
The Danish National Patient Registry
The Danish National Patient Registry contains information on all nonpsychiatric hospital admissions since 1977 and emergency room and outpatient clinic visits since 1995. 3 The registry contains data from each admission including the admission and discharge dates, admission type, discharge diagnoses, and procedures performed during the admission. 3 The International Classification of Diseases tenth revision (ICD-10) codes have been used since 1994. All admissions have one primary discharge diagnosis reflecting the primary reason for the admission. Additionally, admissions may have one or more secondary discharge diagnoses reflecting coexisting conditions. Discharge diagnoses are determined exclusively by the discharging physician.
The Danish national health care service is tax supported and provides free health care. Mandatory reporting to the Danish National Patient Registry, which is managed by the Danish Health Authority, ensures nationwide coverage of AMI hospitalisations. 3 
Algorithms for detection of AMI in the Danish National Patient Registry
To establish an algorithm for the detection of AMI in the Danish National Patient Registry, we identified AMI from discharge diagnoses using the ICD-10 code I21. Diagnoses were identified as primary (only) and primary or secondary discharge diagnoses. Furthermore, algorithms were based on patient contact type (inpatient admission), admission type (acute or elective), and hospital type (with or without coronary angiography capability). Table 1 shows the details of the different algorithms.
Statistical analyses
Follow-up of the trial participants started upon discharge after drug-eluting stent implantation. [4] [5] [6] [7] Patients were followed until a first AMI was detected in the Danish National Patient Registry, by the end-point committee, or in both simultaneously.
For each algorithm for identifying AMI following PCI in the Danish National Patient Registry, we calculated sensitivity, specificity, and predictive values using the end-point committee adjudicated cases of AMI as reference. We stratified the results according to AMI status at the time of PCI (AMI before PCI, AMI at same date of PCI, or PCI without prior AMI) to determine whether recurrent AMI could be detected equally well as first-time AMI. We also stratified according to sex, age (≤65 years vs >65 years), indication for PCI (acute coronary syndrome vs stable angina pectoris), and time from index procedure to AMI. Confidence intervals were calculated with Jeffrey's method. 
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Results
We evaluated 5,719 patients with a mean follow-up time of 3 years. Of these, 285 had an end-point committee adjudicated AMI. Baseline characteristics of the PCI cohort are presented in Table 2 .
The results from different algorithms are reported in Table  3 and Figure 1 . Since patients with a detected AMI, either by the algorithm or by the end-point committee, were censored from the time of AMI detection, the number of patients with AMI and the average follow-up period vary between algorithm evaluations. Two-way tables for each algorithm evaluation are provided in Tables S1-S6. The algorithms with the best performance were the combination of AMI as primary (algorithm D) or primary or secondary (C) discharge diagnosis combined with acute admission. A broader algorithm (A) combining AMI as primary or secondary discharge diagnosis and all inpatients, instead of acute admissions, improved the sensitivity (95%), but decreased the positive predictive value considerably (42%). Restricting the algorithm to admissions at a hospital with coronary angiography capability increased the positive predictive value. However, these narrower algorithms all had a decreased sensitivity (Table 3, Figure 1 ).
Evaluation of a broad algorithm of AMI diagnosis (code I21) as either primary or secondary diagnosis and inpatient (algorithm A, Table 3 ) showed that 13 patients with a validated AMI were not detected (Table S1 ). These AMIs resulted in cardiac arrest (n=6) and were recorded as such with the corresponding ICD-10 code in the Danish National Patient Registry. For the remaining patients, the discharge diagnosis codes covered various ICD-10 codes for ischemic heart disease, examination for angina, and examination for acute coronary syndrome.
Evaluation of a narrow algorithm of AMI diagnosis (code I21) as both primary or secondary diagnosis and acute admission (algorithm C, Table 2) showed that 95 patients were recorded with AMI diagnoses in the Danish National Patient Registry without having an end-point committee adjudicated AMI (Table S3 ). The majority of these were patients admitted for examination for angina or examination for acute coronary syndrome. 
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The stratified analyses of algorithm C are reported in Table 4 , with corresponding two-way tables provided in Tables S7-S23. Sex and age had no major impact on the parameters. Among patients with acute coronary syndrome, positive predictive value was lower than among patients with stable angina pectoris. Time from index procedure to AMI seemed to influence positive predictive values, which were lowest within the first 30 days after discharge following PCI and improved thereafter.
Discussion
We found that different algorithms yielded different sensitivities, specificities, and predictive values to detect AMI in the Danish National Patient Registry. The choice of algorithm will depend on the specific study purpose. However, combining the discharge diagnosis of AMI (I21) and acute admission yielded a better positive predictive value for patients with prior PCI than use of a discharge diagnosis of AMI alone.
Apart from the diagnosis AMI, our algorithms relied on the variable "acute admission", which has been shown to have a high validity in the Danish National Patient Registry. 11 Previously, the validity of AMI diagnoses in the general population, as registered in the Danish National Patient Registry, has been validated using medical records, 12,13 discharge summaries, 14, 15 or a clinical registry. 16 We recorded a lower positive predictive value of first-time AMI in the Danish National Patient Registry than in these earlier studies. [12] [13] [14] This was expected as our study population consisted of patients with established ischemic heart disease undergoing PCI. These patients are therefore more likely to be given a later discharge diagnosis of AMI, ie, to be misclassified due to their prior medical history. Similar misclassification has also been previously shown for other conditions, eg, venous thromboembolism. 16 In agreement with this interpretation, we found a lower positive predictive value of the algorithm among patients with AMI during the index admission or with acute coronary syndrome as indication for stent implantation and within the first 30 days after stent implantation as compared to later.
The choice of algorithm will depend on the specific study purpose. For example, in registry-based randomized clinical trials with end-point adjudication by an end-point committee, it is important to detect as many of the potential events as possible. In this case, a broad algorithm, like algorithm A, seems the optimal choice. The low positive predictive value for this algorithm will be corrected by the end-point committee. In traditional randomized cohort studies relying on registry-based end points, ie, without adjudication by an end-point committee, algorithms C and D are preferable due 
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Registry-based detection of acute myocardial infarction to the combination of high sensitivity (although lower than algorithm A) and higher positive predictive values. Finally, in case-control studies, a high positive predictive value is preferred to correctly detect cases. A small number of patients with adjudicated AMI did not have this diagnosis in the Danish National Patient Registry. One half of these patients died from cardiac arrest and were diagnosed with AMI by the end-point committee when the cause of death was reviewed. The other half had various ischemia-related diagnoses and were diagnosed by endpoint committee review of all angiographies and coronary interventions during the study period. A composite end point of registry-based AMI and all-cause death, often used in registry-based studies, would thus include half of the missed AMIs, ie, only very few true events would be overlooked by a use of combined end point and thereby improve sensitivity.
Strengths and limitations
We were able to evaluate the described algorithms using a large study population with end-point committee-validated AMIs. In comparison with earlier studies, this gave us an opportunity to evaluate sensitivity and specificity of the algorithms and also the positive predictive values in a subgroup of patients undergoing PCI. Thus, this study included patients treated with drug-eluting coronary stents, and the reported sensitivities and specificities of the different algorithms may not extend to the general population, to patients with ischemic heart disease without stent implantation, or to patients without previous ischemic heart disease.
Conclusion
Different algorithms utilizing additional information from the Danish National Patient Registry yielded different sensitivities, specificities, and predictive values in registry-based detection of AMI following PCI. The choice of algorithm will depend on the specific study purpose. However, it was possible to identify algorithms for AMI detection following PCI in the Danish National Patient Registry with moderate-to-high validity.
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